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COMMUNICATION BLACKDUT REGIONS FOR LUNAR RETURNS 

USING THE AS-504 RE3WJXY GUlDANCE I N I C  

By John Burton 

SUMMARY 

A preliminary study was made of communication blackout regions as 
a funct ion of r een t ry  f l i gh t -pa th  angle, r een t ry  range t o  t a r g e t ,  and 
l i f t - t o - d r a g  r a t i o  (L/D) f o r  t h e  nominal lunar - re turn  r een t ry  ve loc i ty  
of t h e  AS-504 mission. 
nominal blackout regions,  but  a lso t o  def ine  t h e  e f f e c t  of non-nominal 
condi t ions on the  blackout regions. 
ve r sus -a l t i t ude  p l o t s  which show VHF-band, S-band, and C-band blackout 
regions.  Time h i s t o r i e s  of a l t i t u d e  and a l t i tude- range  p r o f i l e s  e r e  
a l s o  presented t o  provide an easy t r a j e c t o r y  reference f o r  t h e  ve loc i ty  
and a l t i t u d e  da ta .  

This s tudy was made not  only t o  def ine  the  

Results a r e  presented i n  ve loc i ty-  

INTRODUCTION 

The nominal&-504 mission has a r een t ry  i n e r - & i a l v e l c c i t y  of 
36 070 fps  and i n e r t i a l  f l igh t -pa th  angle of -6.25 . To e s t a b l i s h  pre- 
l iminary reent ry  and recovery procedures, it is necessary t o  def ine  the  
communication blackout regions f o r  non-nominal ent.ry c n r i d i t i c m .  I z  
t h i s  study the  f l i g h t - p a t h  angle, range t o  t a r g e t ,  and L/D a r e  var ied,  
bu t  t he  AS-504 nominal e n t r y  ve loc i ty  i s  constant .  

It should be noted t h a t  t h e  data  r e s u l t i n g  from t h i s  study and pre- 
sented i n  t h i s  note depend on the guidance log ic  used and w i l l  change 
i f  changes a r e  incorporated i n t o  the  AS-504 r een t ry  guidance log ic  
I n  f a c t ,  since the  guidance logic  is s t i l l  i n  a s t a t e  of change, it can 
be expected t h a t  t he  da t a  w i l l  have t o  be updated. However, bas i c  
t r ends  can be seen from these  data, and these  t rends  should not  change 
g rea t ly .  

The data  obtained from t h i s  preliminary study a r e  presented i n  
t h i s  i n t e r n a l  note i n  order t o  make t h e  information ava i l ab le  now. 
A more thorough presenta t ion  w i l l  be made l a t e r  and w i l l  include t h e  
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e f f e c t  of atmospheric devia t ion  on communication blackout  regions.  
This presentat ion w i l l  a l s o  include a s tudy made a t  a L/D of 0.3 and 
cross  p l o t s  of maximum a l t i t u d e ,  blackout e x i t  a l t i t u d e ,  d e l t a  time of 
acqu i s i t i on  during s k i p  phase, pos i t ion  a t  blackout r e l a t i v e  t o  
400 000 f t  
range 

a l t i t u d e  i n t e r f a c e  versus  e n t r y  f l i g h t - p a t h  angle,  L/D, and 

ANALYSIS AND RESUIlllS 

The t r a j e c t o r i e s  presented were ca lcu la ted  using t h e  present  modi- 
7 ,  f i e d  version of t h e  r een t ry  g u i r ' s - c c -  -0~:: a; l e f ined  i n  re ference  1. 

Reentry f l igh t -pa th  angles were chosen t o  be near  t h e  overshoot and 
undershoot boundaries and i n  the  middle of t h e  r e e n t r y  co r r ido r .  Target 
ranges from 400 000 f t  were 1300, 2000, and 2300 n. m i .  
run for L/D's of 0.34, 0.39, and 0.44. I n  a l l  cases  t h e  ve loc i ty  was 
held a t  t he  nominal AS-304 r een t ry  v e l o c i t y  of 36 070 fps .  

A l l  cases  were 

Figures 1 through 27 present ,  f o r  a l l  L/D's, v e l o c i t y  versus  a l t i -  
tude,  a l t i t u d e  versus range, and a l t i t u d e  versus  time from reen t ry  f o r  
various combinations of t a r g e t  ranges and f l i g h t - p a t h  angles.  The 
ve loc i ty  versus a l t i t u d e  p l o t s  ( f i g .  1, 4, 7, ..., 23) show VHF-band, 
S-band, and C-band blackout regions.  The a l t i t u d e  versus  range and 
a l t i t u d e  versus t i r r  from r een t ry  p l o t s  ( the  remaining p l o t s )  provide 
an easy t r a j e c t o r y  referetlce f o r  the  ve loc i ty  and a l t i t u d e  da ta .  

Data used t o  def ine  t h e  VHF-band, S-band, and C-band communication 
blackcxt curves were obtained from reference 2. Using t h i s  da ta  f o r  
t he  nominal AS-304 T n e r t i a l  r een t ry  ve loc i ty  of 36 070 fps ,  communica- 
t i o n  blackout f o r  t he  C-band, S-band, end VHF-band frequencies  w i l l  
occur a t  the a l t i t u d e s  of 293 000 f t ,  308 000 f t ,  and 332 000 f t ,  
respect ively.  This i s  t r u e  f o r  a l l  t he  t r a j e c t o r i e s  inves t iga ted ;  h m -  
ever ,  t h e  elapsed time. from 400 000 f t  t o  communication blackout var ied 
depending on t h e  e n t r y  i n e r t i a l  f l i g h t - p a t h  angle ,  such t h a t  the s t eepe r  
t he  f l i gh t -pa th , ang le ,  t h e  e a r l i e r  t he  blackout a l t i t u d e  was reached. 
Range t o  t a r g e t  had no e f f e c t  on elapsed time t o  blackout a l t i t u d e  
s ince the  guidance log ic  w i l l  fly t h e  same t r a j e c t o r y  t o  0.03 g o r  about 
300 000 f t  a l t i t u d e ,  a t  which point  blackout a l t i t u d e s  have e s s e n t i a l l y  
been reached. There were no e f f e c t s  on elapsed time t o  blackout due 
t o  L/E changes s ince the  aerodynamic forces  a r e  e s s e n t i a l l y  neg l ig ib l e  
ebove an a l t i t u d e  of 300 GOG ft. Table I shows t h e  communication black- 
out a l t i t u d e s  and elapsed time from 400 000 f t  t o  blackout f o r  the  cases  
inves t iga ted ,  

. 
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After  e n t r y  i n t o  the  communication blackout region the  spacecraf t  
might be required t o  gain a l t i t u d e  i n  order  t o  reach a long t a r g e t .  
Because of t h i s  gain i n  a l t i t u d e  or  so ca l l ed  ” sk ip  phase” t h e  space- 
c r a f t  is able t o  e x i t  the  blackout region. In  a few cases  t h e  C-band 
and/or S-band frequency was reacquired e a r l y  i n  t h e  t r a j e c t o r y  and was 
maintained f o r  t he  r e s t  of the  f l i g h t ;  however, i n  most cases  where 
t h e r e  was a skipout of the  communication blackout region the  blackout 
region was reentered .  Table I1 presents e lapsed times and a l t i t u d e s  of 
e x i t  and r een t ry  of t he  communication blackout regions f o r  those t r a -  
j e c t o r i e s  t h a t  had a not iceable  gain i n  a l t i t u d e ,  Elapsed times and 
a l t i t u d e s  a r e  summarized f o r  f i n a l  acqu i s i t i on  of communications i n  
t a b l e  111. 
phase a r e  presented i n  t a b l e  IV. 

Tota l  acquisi-bion time for those cases  t h a t  had a s k i p  

CONCLUDING FEMARKS 

Two bas ic  t rends  were observed i n  t h i s  study. One is  t h a t  f o r  a 
s t e e p  r een t ry  f l i gh t -pa th  angle, the  guidance log ic  w i l l  s t e e r  t o  a 
higher  peak a l t i t u d e  than f o r  the case of t h e  nominal r een t ry  f U g h t -  
path angle.  The guidance log ic  w i l l  a l s o  s t e e r  t he  spacecraf t  t o  a 
h igher  peak a l t i t u d e  f o r  t h e  case of a long range t o  t a r g e t .  
a s t e e p  r e e n 3 y  f l i g h t - p a t h  angle and/or long range t o  t a r g e t  a higher  
peak a l t i t u d e  w i l l  be reached which could r e s u l t  i n  communication ac- 
q u i s i t i o n  during the  s k i p  phase of the  reent ry .  

Thus, f o r  

A second t rend i s  t h a t  for a s t eepe r  r een t ry  f l i gh t -pa th  angle 
t h e  blackcit regfG1i will be entered e a r l i e r  than f o r  t he  nominal r e -  
e n t r y  f l i g h t  -path angle * 
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Figure 11. - Altitude versus range wi th  a range of Zoo0 nautical miles and a flight-path angle 
of -5.0 degrees. 
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Figure 13. - Communications blackout region for lunar returns with entry range of Zoo0 nautical miles 
and a flight-path angle of -6.25 degrees. 
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Figure 14.- Altitude versus range with a range of 2wO nautical miles and a flight-path angle 
of -6.25 degrees. 
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and a flight-path angle of -6.25 degrees. 
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Figure 17. - Altitude versus range with a range of Zoo0 nautical miles and a fl ight-path angle 
of -7.34 degrees. 
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